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SURSHUWLHV FDQ EH IRXQG HOVHZKHUH IRU LQVWDQFH =KDQJ HW DO  DQG0XUW\ HW DO  5HIUDFWRU\PHWDOV DUH
LQWHUHVWLQJ EHFDXVH RI WKHLU PHFKDQLFDO VWUHQJWK DW KLJK WHPSHUDWXUHV DQG SRVVLEOH DSSOLFDWLRQV FDQ EH IRXQG LQ
DHURVSDFH'R\FKDNDQGQXFOHDUVFLHQFH:X+($VEDVHGRQUHIUDFWRU\PHWDOVVXFKDVWKHHTXLPRODU
DOOR\0R1E7D: KDYH EHHQ LQYHVWLJDWHG IRU H[DPSOH E\ $QWRQDJOLD HW DO  6HQNRY HW DO  DQG
RWKHUVEXW WKHDOOR\VZHUHDOZD\VSURGXFHGE\YDFXXPDUFPHOWLQJ7RDYRLGHODERUDWHSUHDOOR\LQJRIUHIUDFWRU\
PHWDOVZKLFKFDQRQO\EHGRQHE\YDFXXPDUFPHOWLQJ'0'FDQEHFRQVLGHUHG IRU in situ DOOR\LQJE\G\QDPLF
SRZGHUPL[LQJ+HUHZH UHSRUW UHVXOWV RI SUHOLPLQDU\ LQYHVWLJDWLRQV RI WKH HIIHFWV RI SURFHVV SDUDPHWHUV RQ WKH
FKHPLFDOFRPSRVLWLRQRIPDWHULDOJHQHUDWHGE\'0'
([SHULPHQWDO3URFHGXUH
'LUHFW PHWDO GHSRVLWLRQ ZDV SHUIRUPHG ZLWK D SXOVHG 1G<$* ODVHU ZLWK :PD[LPXP DYHUDJH SRZHU
IRFXVLQJ RSWLFV ZLWK D IRFDO OHQJWK RI  PP DQG D VSRW GLDPHWHU RI  P $OO VDPSOHV ZHUH SUHSDUHG RQ
VLQWHUHGPRO\EGHQXPVXEVWUDWHVZLWKDWKLFNQHVVRIPPDQGDVXUIDFHDUHDRI[PPð7KHVXUIDFHZDVILUVW
JURXQG DEUDVLYH SDSHU 3 WR UHPRYH LWV R[LGH OD\HU DQG XOWUDVRQLFDOO\ FOHDQHG LQ DFHWRQH ,W ZDV WKHQ
SRVLWLRQHG RQ D  [  PPð  PP WKLFN VWDLQOHVV VWHHO KROGHU ZKLFK ZDV ZHOGHG WR WZR KHDWLQJ HOHPHQWV
7HPSHUDWXUHZDVPHDVXUHGZLWKDWKHUPRFRXSOHLQVHUWHGWKURXJKDSLQKROHDQGZHOGHGWRWKHXSSHUVXUIDFHRIWKH
KROGHUVHH)LJXUH7KH UHIUDFWRU\PHWDOV LQRXU+($KDYHDERG\FHQWHUHGFXELF ODWWLFHDQGDOOH[FHSW IRU7D
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*HQHUDWHGVWUXFWXUHVZHUHFURVVVHFWLRQHGSROLVKHGDQGDQDO\]HGZLWKWKHXVHRIDVFDQQLQJHOHFWURQPLFURVFRSH
6(0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ZHUH FDUHIXOO\ZHLJKHG XVLQJ D KLJK SUHFLVLRQ VFDOH WR SURGXFH HTXLPRODUPL[WXUH VDPSOH VL]H  J0R J
1EJ7DJ: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
%RLOLQJSRLQW>&@     6DYLWVNLL
'HQVLW\>JFF@     6DYLWVNLL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7KHSDUWLFOHVL]HUDQJHVRIWKHHOHPHQWDOSRZGHUVDVJLYHQE\WKHPDQXIDFWXUHUZHUHTXLWHVLPLODUVHH7DEOH
EXW VLQFH WKH\ZHUHPHDVXUHGE\ VLHYLQJ WKH VL]H GLVWULEXWLRQ FDQ EH GLIIHUHQW EHFDXVH RI WKHLU GLIIHUHQW VKDSHV
)LJXUHLOOXVWUDWHVWKHSDUWLFOHVKDSHVDQGLWFDQEHVHHQWKDWRQO\PRO\EGHQXPSDUWLFOHVH[KLELWDVSKHULFDOVKDSH
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4.1. Single-track welds 
,Q'0'DODVHULVXVHGWRORFDOO\GHSRVLWHQHUJ\LQWRDPDWHULDO¶VVXUIDFH7KLVJHQHUDWHVDPHOWSRRODQGSRZGHU
LV WUDQVSRUWHG WR WKH PHOW SRRO E\ D FDUULHU JDV $V WKH SRZGHU SDUWLFOHV SDVV WKURXJK WKH ODVHU EHDP WKH\ DUH
SUHKHDWHG DQG OLTXLGPHWDO GURSOHWV FDQ EH IRUPHG ,I WKH WUDQVLWLRQ WLPH RU ODVHU HQHUJ\ LV WRR KLJK IRU D JLYHQ





SDUDPHWHUV EHFRPHV TXLWH FKDOOHQJLQJ )RU WKH SUHVHQW SRZGHU PL[WXUH RI UHIUDFWRU\ PHWDOV WKH GLIIHUHQFH LQ




GHFUHDVHV GHSRVLWLRQ HIILFLHQF\ 1HYHUWKHOHVV WKH UHVXOWLQJ ZHOG VHDP GRHV QRW ORRN VPRRWK LQ FRPSDULVRQ WR
NQRZQZHOGLQJFKDUDFWHULVWLFVRISUHDOOR\HGSRZGHUV$VFDQEHVHHQLQ)LJXUHWKHVXUIDFHRIWKHZHOGVHDPLV
GRWWHG ZLWK DGKHULQJ SDUWLFOHV 7KH ZHOG VHDP LWVHOI LV TXLWH LQKRPRJHQHRXV 7KLV VXUIDFH WRSRJUDSK\ FDQ EH
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H[SODLQHG LQ WHUPV RI D ORZ SURSRUWLRQ RI WUXH GHSRVLWLRQ ZHOGLQJ EXW D KLJK SURSRUWLRQ RI WKHUPDO VSUD\LQJ
&RQVHTXHQWO\in situDOOR\LQJLVQRWSRVVLEOHZLWKDVLQJOHWUDFNZHOG)RUVLQJOHZDOOVWUXFWXUHVPDQ\VLQJOHWUDFN










SDUWLFOHV &DUH PXVW EH WDNHQ WKDW WKH WUDFN ZLGWK RI WKH UHPHOWHG ]RQH LV ZLGH HQRXJK WR FRYHU DOPRVW DOO WKH
GHSRVLWHGSRZGHUPDWHULDO7KHQXPEHURIUHPDLQLQJLQFRPSOHWHO\PROWHQSDUWLFOHVDWWKHHGJHRIWKHUHPROWHQDUHD
VKRXOGEHORZEHFDXVHGXULQJWKHJHQHUDWLRQRIDZDOOVWUXFWXUHPRUHDQGPRUHSRZGHUPDWHULDOZLOODFFXPXODWHDW
WKH HGJHV FRPSDUHZLWK)LJ   DQG FDQ OHDG WR D FRUUXSWHGZHOG VHDPGXH WR SRZGHU VKDGRZLQJ HIIHFWV$V D
FRQVHTXHQFHLWLVRILQWHUHVWWRUHGXFHWKHVSUHDGLQJRIWKHSDUWLFOHVGXULQJGHSRVLWLRQZHOGLQJ:LGHVSUHDGLQJFDQ
EHH[SODLQHGE\WKHLUUHJXODUFUXVKHGSDUWLFOHVKDSH,QRUGHUWRHQODUJHWKHWUDFNZLGWKRIWKHUHPROWHQOLQHWKHODVHU
IRFXV ZDV VKLIWHG  PP DERYH WKH VXUIDFH 3XOVH SRZHU ZDV VHW WR : IRU D SXOVH OHQJWK RI  PV SXOVH
IUHTXHQF\ RI +] DQG D IHHG VSHHG RI PPPLQ /RZHU IHHG VSHHG WKDW LV KLJKHU SXOVH RYHUODS OHDGV WR
HYDSRUDWLRQRIWKHGHSRVLWHGSRZGHUPDWHULDO7RJHWKRPRJHQHRXVDOOR\LQJE\HQVXULQJWKHPHOWLQJDQGPL[LQJRI
DOO WXQJVWHQ SDUWLFOHV WKLV UHPHOWLQJ ZDV UHSHDWHG WKULFH )RU PXOWLWUDFN ZHOGLQJ WKH GHVFULEHG SURFHGXUH ZDV
UHSHDWHGWLPHVDVGHVFULEHGLQ7DEOH
 










6WHS'HSRVLWLRQ    
6WHS5HPHOWLQJWLPHV    
%RWKVWHSVZHUHUHSHDWHGWLPHVZLWKȝP]OD\HURIIVHW

4.2. Multi-track welds with equimolar powder mixture 
0XOWLWUDFNZHOGLQJZDV SHUIRUPHGZLWK WKH SDUDPHWHUV JLYHQ LQ7DEOH  DQG WKH UHVXOW LV VKRZQ LQ)LJXUH 




HYDFXDWLRQEHIRUHSXUJLQJ VRPH UHVLGXDOR[\JHQKDV WREHH[SHFWHG ,QSDUWLFXODU WXQJVWHQDQGPRO\EGHQXPDUH














SDUWLFOHV EHFRPLQJ PROWHQ ZKLOH SDVVLQJ WKURXJK WKH ODVHU EHDP IRU ORZ PHOWLQJ SRLQW SDUWLFOHV EXW VR LV WKH
SUREDELOLW\RIVWLFNLQJDQGPHOWLQJRQWKHODVHUKHDWHGVXUIDFH$VVXPLQJDWHPSHUDWXUHJUDGLHQWRQWKHVXUIDFHZLWK
D PD[LPXP KLJKHU WKDQ WKH KLJKHVW PHOWLQJ SRLQW LQ WKH FHQWHU RI WKH ODVHU VSRW LW LV PRUH OLNHO\ IRU QLRELXP
SDUWLFOHV WKDQ IRU WXQJVWHQ SDUWLFOHV WR VWLFN DQG PHOW RXWVLGH RI WKDW FHQWHU DQG HYHQ RXWVLGH RI WKH ODVHU VSRW
0RO\EGHQXP LV DQ H[FHSWLRQ DQG VKRZV ORZ FRQFHQWUDWLRQ LQ WKH JHQHUDWHG DOOR\ZKLFK FDQQRW EH H[SODLQHG DW
SUHVHQWDQGQHHGVIXUWKHUVWXG\8QIRUWXQDWHO\PRO\EGHQXPLVWKHRQO\HOHPHQWZLWKVSKHULFDOSDUWLFOHVKDSHDQG
VOLJKWO\ORZHUVL]H$VDFRQVHTXHQFHWKHVHSDUWLFOHVHYDSRUDWHPRUHHDVLO\ZKLOHSHQHWUDWLQJWKHODVHUEHDPORZHU
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4.2. Multi-track welds with modified composition of powder mixture 








WR WKH VXUIDFH LV VLPSO\ VPDOOHU $GGLWLRQDOO\ WKH QXPEHU RI LQFRPSOHWHO\ PL[HG SDUWLFOHV DW WKH VLGHV RI WKH
VWUXFWXUHLVUHGXFHG7KLVLVGXHWRWKHIDFWWKDWWKHVLGHVDUHFOHDQHGGXULQJWKHUHPHOWLQJVWHSEHFDXVHRIDODUJHU
ODVHU VSRW VL]H XQG KLJKHU ODVHU SRZHU )URP WKDW SRLQW RI YLHZ LWZRXOG EH RI LQWHUHVW WR UHGXFH WKH SUHKHDWLQJ
WHPSHUDWXUHLQRUGHUWRLPSURYHWKHTXDOLW\RIWKHVWUXFWXUHVLGHVEXWWKLVEHKDYLRXUKDVWREHLQYHVWLJDWHGIRUODUJHU
VWUXFWXUHV3UHVXPDEO\WKHQXPEHURILQFRPSOHWHO\PL[HGSDUWLFOHVDWWKHORZHUSDUWRIWKHVWUXFWXUHZLOOLQFUHDVHLQ




ZKLFK ZDV WKH EDVLV IRU WKH SRZGHU PL[WXUH PRGLILFDWLRQ DQG WKHUHIRUH FRQILUPV D FRPSDUDEOH GHSRVLWLRQ



















 Henrik Dobbelstein et al. /  Physics Procedia  83 ( 2016 )  624 – 633 633
&RQFOXVLRQDQGRXWORRN




WR WKH WHPSHUDWXUH GXULQJ WKH GHSRVLWLRQ SURFHVV 'HVSLWH WKH RYHUDOO KLJK EXW DOVR GLIIHUHQW PHOWLQJ SRLQWV RI
GLIIHUHQW UHIUDFWRU\PHWDOV'0'FDQEH DFKLHYHG EXW LW QHHGV DQ DGGLWLRQDO UHPHOWLQJ VWHS EHWZHHQ WKH SRZGHU
GHSRVLWLRQVWHSV
6LQFHDOOUHIUDFWRU\PHWDOVDUHVHQVLWLYHWRR[LGDWLRQWKHDPRXQWRIR[\JHQLQVLGHWKHSXUJHGSURFHVVFKDPEHUKDV
WR EH IXUWKHU GHFUHDVHG 7KH WHPSHUDWXUH RI WKH VWUXFWXUH GHSHQGV RQ VHYHUDO IDFWRUV VXFK DV SUHKHDWLQJ ODVHU
SDUDPHWHUVJHRPHWULHVKHDWFRQGXFWLRQHWF,QRUGHUWRFRQWUROWKHFRPSRVLWLRQLQODUJHVWUXFWXUHVPHOWSRROVL]H





QRWEH WHVWHG LQ WKLV VWXG\ ,QWURGXFWLRQRISRZGHUSDUWLFOHVGXULQJ WKH UHPHOWLQJ VWHS VKRXOGEHDYRLGHG)XUWKHU

















=KDQJ< =XR 77 7DQJ =*DR0&'DKPHQ.$ /LDZ 3. /X =3 0LFURVWUXFWXUH DQG SURSHUWLHV RI KLJKHQWURS\ DOOR\V
3URJUHVVLQ0DWHULDOV6FLHQFH
